ABSTRACT: Port Jersey, located in New York Harbor, is being evaluated for deepening and realignment. The purpose of the proposed improvements is to allow a large class of container ships to use the port. The realignment is necessary because the future ships will be too long to use the existing turning basin and will have to back out of the port. To evaluate these improvements a real-time ship simulation study was undertaken. Simulation models were developed for both Port Jersey's present and future conditions. Pilots from New York Harbor operated the simulator as they would in real life. Based upon these simulations, a final improved channel was developed.
Contents

Introduction
New York Harbor is located on the eastern shore of the state of New York (Figure 1 ). Port Jersey is slightly more than 1 mile long and is located on the western side of the Upper Bay in New York Harbor as shown in Figure 2 The U.S. Army Engineer District, New York, is currently evaluating channel designs to deepen much of New York Harbor, including Port Jersey, to 50 ft. Once the 50-ft project is constructed, new container cranes will be installed on the port's northeast corner (currently occupied by NEAT) and on the south side near the turning basin. The Port Jersey design ship for the 50-ft-deep channel is the Susan Maersk. The Susan Maersk is a 1,140-ftlong and 140-ft-wide "S" class container/ship and is capable of drafting 47-½ ft. At 1,140 ft, t Susan Maersk is too long to use the existing 1,200-ft-diam turning basin. Therefore, the ship will have to either be backe into or out of Port Jersey. H ever, the Susan Maersk is als too long to back through the dogleg at the entrance to Port Jersey. The difficulty encountered by ships approaching Port Jersey is illustrated in Figure 3 from the bridge of a car carrier calling at NEAT. The ship is obviously near the entrance to Port Jersey and well south of that entrance.
The New York District proposes two improvements to Port Jersey. The first improvement is to remove the dogleg and straighten the approach. The proposed approach to Port Jersey is shown in Figure 4 . The new channel will be 1,600 ft wide where it joins Anchorage Channel. The second improvement is to widen the channel within the protected portion of Port Jersey. The New York District proposes to deepen the area between the northern and southern berthing areas to 50 ft. The berthing areas are approximately 150 ft wide. Therefore Port Jersey Channel will be approximately 500 ft within the protected area. Because the berthing areas will also be deepened to 50 ft, the channel will be 50 ft deep between the northern and southern docks. 
Reconnaissance Trip
The reconnaissance trip for Port Jersey was undertaken April 30 and May 1, 2002. The purpose of the reconnaissance trip was to observe navigation conditions in Port Jersey. The project site was photographed to update the simulation visual scene.
Representatives of The New York District and ERDC boarded the Hual Tropicana ( Figure 5 ) at approximately 0845 on April 30, shortly after the ship passed through the Verrazano-Narrows Bridge. The Hual Tropicana is a 590-ftlong, 96-ft-wide car carrier. The Hual Tropicana was inbound to NEAT on the end of Port Jersey Channel. Three video cameras were mounted on the ship. One camera pointed forward, across the bow. The other two pointed perpendicular. A hand-held Global Positioning System (GPS) was placed on the starboard wing to record the transit. The camera setup on the starboard wing is shown in Figure 6 . Currents for the proposed 50-ft channel were calculated at ERDC for the New York and New Jersey Navigation study (1999) . The mesh used for the previous study was modified to reflect the proposed channel deepening in Arthur Kill and new currents were obtained. Simulations were conducted for maximum ebb-and flood-tidal currents. The currents used to develop the simulation models are shown in Figures 8 and 9 . Wind conditions were chosen to act in the same scenarios.
The channel and bank databases were developed at ERDC prior to the realme simulation testing. SeaNav developed the Electronic Chart Display and ation System (ECDIS) for the proposed conditions. The U.S. Coast Guard (USCG), First District provided locations of aids-to-navigation (ATONS) for the proposed conditions. independently for the one-way Port Jersey simulations. Figure 10 sho ERDC simulator being operated during validation of the Port Jersey study. The pilot in Figure 10 po A plan of the ERDC simulator facility is shown in Figure 11 . The facility consists of two bridge modules, a viewing area, a pilot debriefing room and an operator station. An illustration of a bridge module is shown in Figure 12 . Typically, pilots operate the simulator from the bow view as shown in Figure 10 . However, for Port Jersey many of the runs required backing the ship. Therefore, many runs were made with the ship's stern displayed in front of the ship console. This is shown in Figure 13 The pilots can rotate the simulator view as desired. In addition to the bow and stern views shown in Figures 10 and 13 , some of the pilots rotated the 
Study Results
Navigation study results are presented in the form of track plots and pilot opinion. The track plots show the ship's position and heading at 1-min intervals. At the end of each simulation, the pilot was given a form to record his thoughts on the exercise. These forms are used during the analysis of the track plots. The pilots were also given a final questionnaire at the end of their simulation session. The completed questionnaires are included as an appendix to this report. Buoy G "1" was kept in its present location for simulation of the future deepened channel. This ATON marks the water 35 ft deep, or the current depth of Port Jersey. All the pilots participating in the study requested that the buoy be moved to the edge of the 50-ft channel, (Figure 17 ). Most runs with pilots 4 and 5 were conducted with the buoy at the channel's edge. Therefore, most track plots for pilots 4 and 5 will be plotted on a different background than pilots 1, 2, and 3.
No runs were made into the existing condition model of Port Jersey. Sufficient existing condition runs were made in 1996 an earlier ERDC study (Thevenot 1996) 1 . Inbound, ebb tide, bow out. The track plo channel in ebb tide are presented in Plate 7 for Plate 8 with the relocated buoy. This is a fairly some of the pilots requested a third tug. Three very close to, or actually crossed, the authorize completely successful runs for this scenario, on Plate 8. Both of these pilots began turning thei f scenario they ran on the simulator and that the Inbound, ebb tide, bow in. The track plots of shi ducted in this scenario were successful. The pilots felt that the Susan Maer was more influenced by current than ships they presently take into Port Jersey and that the realigned channel was essential.
Inbound
Inbound, flood tide, bow out. The track plots of ships transiting the realigned channel in flood tide are presented in Plate 5 for the original buoy position and Plate 6 with the relocated buoy. Turning the ship in Anchora nnel and backing into Port Jersey is considerably more difficult than the bowin scenario. Several of the pilots requested a third tug due to the size of the Susan Maersk. One of the three ships in Plate 5 left the western side of Anchorage Channel while turning. Three runs were conducted with the buoy moved because one pilot requested a repeat run. All three runs (Plate 6) were able to stay away from the channel corner marked by G "1". The pilots felt that while this was a more challenging situation than going bow-in, it was possible with the real ts of ships transiting the realigned the original buoy position and extreme condition and once again of the four ships in Plate 7 came d channel limits. There were two e in Plate 7 and the other in r ships in the center of Anchorage elt this was the most difficult realigned channel was essential.
plots of ships transiting the Plate 9 for the original buoy None of ships had any problem Channel, just north of buoy R "2." The pilots successfully completing this scenario Outbound, ebb tide, bow out. The track plots of ships transiting the realigned channel in ebb tide are presented in Plate 11 for the original bu position and Plate 1 tide as more difficult than flood, none of the ships had any problem successfully completing this scenario.
realigned channel in flood tide are presented in Plate 13 for the original buo position and Plate 14 with the relocated buoy. All of the ships remained in the ted in Plate 15 for the original buoy position and Plate 16 with the relocated buoy. Although the pilots considered ebb tide southern half of the channel. This was done to allow for the flood currents to push to the north. All runs were successful and the pilots felt the realigned channel was essential for this maneuver with such a large ship.
Outbound, ebb tide, bow in. The track plots of ships backing out of the realigned channel in flood tide are presen as more difficult than flood tide, all runs were successfully completed.
Final questionnaires. The pilots' final questionnaires are included as an appendix to this report. The pilots were unanimous in their support of the realigned Port Jersey Channel. They all supported moving buoy G "1" from its present position to the channel corner. Recommendations
The Susan Maersk, at a draft of 46 ft, is significantly larger than container/ hips presently using Port Jersey. The proposed realigned channel is essential to allow the Susan Maersk to call at Port Jersey once the channel is deepened to 50 ft. Presently, if tugs are used, the assistance of two tugs is required. It is possible that three tugs may be necessary for some maneuvers. Moving buoy G "1" from its present position to the channel corner as simulated for some of the pilots appeared to give the pilots a better feel for their ships' locations.
It is recommended that Port Jersey Channel be realigned as proposed.
It is the responsibility of the USCG to mark navigation channels. It is recommended that their New York District office be provided with a copy of this report so they can evaluate the position of ATONS for the realigned Port Jersey Channel. 
